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Prescribed fire is commonly used to manage white-tailed deer habitat. However, nutrition
is still limited during the summer for deer in the Southeast and prescribed fire is commonly
restricted to the dormant season. Knowledge of fire phenology effects on summer nutrient
availability is relatively unknown. Stump sprouts may also affect available nutrition, which could
be important when managing for summer nutrition. To address this summer nutritional stress
period, I examined impacts prescribed fire phenology and mechanical stump sprouting had on
summer nutritional carrying capacity for deer. Results indicated implementing prescribed fire in
both dormant and growing-seasons led to increased summer nutrient availability on the
landscape level by increasing forage quality and quantity. Mechanically creating stump sprouts
from woody plants led to increased available nutrition on a localized level. Combining these
management actions to target summer nutritional stress periods can better help deer meet
nutritional demands and reach their full potential.
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CHAPTER I
INTRODUCTION
Fire has played a critical role in communities of much of the terrestrial landscape (Bond
and Keeley 2005). In the Southeastern United States, vegetation communities were shaped by
fires produced from lightning strikes and anthropogenic ignition by Native Americans (Outcalt
2008). Fire was then suppressed between the 1890s and 1980s throughout the United States
because it was perceived to have a negative influence on forest health (Fowler and Konopik
2007). In turn, without interruption from recurring fire, plant communities succeeded into closed
canopy mature forests (Axelrod 1985, Brockway et al. 2002). During this time, fire suppression
allowed hardwood encroachment into mid-stories of pine and hardwood stands which degraded
habitat quality for many fire adapted wildlife species (Brennan et al. 1998, Iglay et al. 2014,
Greene et al. 2016).
Currently, prescribed fires are typically set during February and March (Knapp et al.
2009). Prescribed fires are primarily set in the dormant season (i.e., March peak) for several
reasons. Dormant season prescribed fire is generally less risky than lightning-season fire (i.e.,
June peak) because of better smoke dispersal (Palik et al. 2002), decreased potential of fire
escape (Ryan et al. 2013), and for moderation of impacts on ground nesting birds (Cox and
Widener 2008). However, data has shown that fire has minimal effects on ground-nesting species
(Kilburg et al. 2014) and can offset its direct effects by increasing resource availability (Cox and
Widener 2008, Dickson 2008). Fires used to reduce fuel loads and competition with crop trees in
1

the Southeast are restricted mostly to the dormant season due to smoke management liability
issues (Brennan et al. 1998, Sparks et al. 2002). Historically, fires were ignited by lightning
during the late growing season (Knapp et al. 2009, Ryan et al. 2013), peaking in June and July
(Outcalt 2008, Knapp et al. 2009). Thus, contemporary anthropogenic prescribed fires are largely
mismatched phenologically from that of historical fires set by lightning.
Phenological mismatches can decouple resource availability from consumer needs
(Stenseth and Mysterud 2002). Much bird and climate change literature indicate timing of pulsed
resources is important particularly during reproductive stages of consumers (Stenseth and
Mysterud 2002) that evolved to synchronize reproduction with the phenology of resources (Jones
and Cresswell 2010, Visser and Both 2005). Species with heightened nutritional demands during
late summer, such as white-tailed deer (Odocoileus Virginianus), may be influenced by the
timing of fire if the timing of fire affects the timing of resource availability.
Fire phenology mismatch may be important to deer for several reasons. Dormant season
prescribed fire generally does not effectively kill encroaching hardwoods as well as growing
season fire, an important consideration when managing habitat for species in open pine systems
(Streng et al. 1993, Gruchy et al. 2009). Moreover, fire prescription rarely considers stochasticity
associated with historical fire regimes which can cause homogenizing plant community
conditions due to lack of pyrodiversity (Lashley et al. 2014, Bowman and Legge 2016).
Furthermore, dormant season fire phenology promotes growth of nutrient-dense vegetation
during late spring to early summer, but even this growth of vegetation may not meet nutritional
demands required for some herbivorous mammals like female white-tailed deer when they are
nursing fawns and are nutritionally stressed during late summer. This makes fire phenology an
important ecological factor because nutrition during the first year of life determines growth and
2

development of body and antler size for white-tailed deer (Demarais and Strickland 2011).
Determining if restoration of historic fire phenology can better meet nutritional demands of deer
during this period could provide information on enhancing habitat conditions during critical
stress periods.
Given that fire top-kills woody plants and initiates re-growth, it is important to
understand how re-sprouts (stump sprouts) may affect nutrient availability. Top-killed woody
plants re-sprout from their protected meristems and regenerate quickly to capture sunlight
(Conde et al. 1983, Pyke et al. 2010). Many factors determine the success of these sprouts such
as height, bark insulation, and re-sprouting abilities of the species (Pyke et al. 2010). Woody
plants respond to disturbances using stored carbohydrates from their underground root structure
to regenerate stump sprouts (Drewa et al. 2002). Plants exhibit differences in root to shoot and
leaf to stem ratios following top-kill across species causing substantial changes in quality and
biomass produced (Vijver et al. 1999). Woody stems are generally not preferred forage for
white-tailed deer, but changes of these characteristics may result in increased preference for
regenerating tissues by deer.
Monitoring top-killed woody plants via mechanical disturbance can ultimately test the
concept of how top-killing manipulates nutrition and deer use. Studies suggest that disturbance
causes alterations in woody forage quality (Powell and Box 1996, Schindler et al. 2004). These
alterations in forage quality could provide localized resource pulses for deer and other species
during summer nutritional stress periods. Thus, quantifying how stump sprouts affect available
nutrition for deer and how deer utilize these stump sprouts may lead to an applicable
management approach to increase localized forage quality and quantity in closed-canopy forests.

3

To better understand how fire phenology affects nutritional carrying capacity (NCC), I
compared effects of dormant and growing-season fire timings on summer forage quality and
biomass to determine how it affects summer NCC for white-tailed deer in chapter II. This
research provides valuable insights on how fire phenology affects available nutrition for deer in
the Southeast. In chapter III, I examined how re-sprouting (stump sprouting) affects forage
quality, available quantity, and deer use of woody plants. This research determined if mechanical
stump sprouting was an effective management option to enhance localized nutrition in closed
canopy forests.
Quantifying nutritional impacts of fire phenology and stimulation of stump sprouts are
needed to inform habitat management decisions to improve nutritional carrying capacity for
white-tailed deer. Such information allows habitat managers to optimize the implementation of
management actions to improve habitat quality during the summer nutritional stress period. This
also provided managers cost effective alternatives to manage habitat conditions and ecological
processes that naturally occurred in history.

4

1.1

Literature Cited

Axelrod, D. I. 1985. Rise of the grassland biome, central North America. The Botanical Review
51(2):163-201.
Bond, W. J., and J. E., Keeley. 2005. Fire as a global ‘herbivore’: the ecology and evolution of
flammable ecosystems. TRENDS in Ecology and Evolution 20(7):387-394
Bowman, D. and S. Legge. 2016. Pyrodiversity-why managing fire in food webs relevant to
restoration ecology. Restoration Ecology 24(6):848-853.
Brennan, L. A., G. A. Hurst, L.W. Burger, and C. L. Hardy. 1998. Whither wildlife without fire?
Transactions of the 63rd North American Wildlife Natural Resource Conference 402-414.
Brockway, D. G., K. W. Outcalt, B. L. Estes, and R. B. Rummer. 2009. Vegetation response to
midstorey mulching and prescribed burning for wildfire hazard reduction and longleaf
pine (Pinus palustris Mill.) ecosystem restoration. Forestry 82(3):299–314.
Conde, L. F., B. F. Swindel, and J. E. Smith. 1983. Plant species cover, frequency, and biomass:
early responses to clearcutting, burning, windrowing, discing, and bedding in. Forest
Ecology and Management 6:319–331.
Cox, J., and B. Widener. 2008. Lightning-season burning: friend or foe of breeding birds. Tall
Timbers Research Station Miscellaneous Publication, 17.
Demarais, S. and B. K. Strickland. 2011. Antlers. In: D. G. Hewitt (Ed.). 2011. Biology and
management of white-tailed deer. CRC Press107-147.
Dickson, J. G. 2000. Fire and bird communities in the South. In: Ford, W. M., K. R. Russel, and
C. E. Moorman. The Role of Fire in Nongame Wildlife Management and Community
Restoration: Traditional Uses and New Directions Proceedings of a Special Workshop
52-57.
Drewa, P. B., W. J. Platt, and E. B. Moser. 2002. Fire Effects on resprouting of shrubs in
headwaters of southeastern longleaf pine savannas. Ecology 83(3): 755–767.
Fowler, C. and E. Konopik. .2007. The History of Fire in the Southern United States. Human
Ecology Review 14(2): 165-178.
Greene, R. E., R. B. Iglay, K. O. Evans, D. A. Miller, T. B. Wigley, and S. K. Riffell. 2016. A
meta-analysis of biodiversity responses to management of southeastern pine forests —
opportunities for open pine conservation. Forest Ecology and Management 360:30–39.
Gruchy, J. P., C. A. Harper, and M. J. Gray. 2009. Methods for controlling woody invasion into
CRP fields in Tennessee. Gamebird 6:315-321.
5

Iglay, R. B., B. D. Leopold, and D. A. Miller. 2014.Vegetation responses to fire and herbicide in
intensively managed. Forest Ecology and Management 328:69–78.
Jones, T., and W. Cresswell. 2010. The phenology mismatch hypothesis: Are declines of migrant
birds linked to uneven global climate change? Journal of Animal Ecology 79(1):98–108.
Kilburg, E. L. 2014. Wild turkey nest survival and nest-site selection in the presence of growing
season prescribed fire. The Journal of Wildlife Management 78(6):1033-1039.
Knapp, E. E., B. L. Estes, and C. N. Skinner. 2009. Ecological effects of prescribed fire season: a
literature review and synthesis for managers.
Lashley, M. A., M. C. Chitwood, A. Prince, M. B. Elfelt, E. L. Kilburg, C. S. DePerno, and C. E.
Moorman. 2014. Subtle effects of a managed fire regime: A case study in the longleaf
pine ecosystem. Ecological Indicators 38:212-217.
Lashley, M. A., M. C. Chitwood, C. S. Deperno, and C. E. Moorman. 2018. Human-mediated
trophic mismatch between fire, plants, and herbivores. In review.
Palik, B. J., R. J. Mitchell, and J. K. Hiers. 2002. Modeling silviculture after natural disturbance
to sustain biodiversity in the longleaf pine (Pinus palustris) ecosystem: balancing
complexity and implementation. Forest Ecology and Management 115:347-356.
Powell, J., and T. W. Box. 1966. Brush Management Influences Preference Values of South
Texas Woody Species for Deer and Cattle. Journal of Range Management 19:212-214.
Pyke, D. A., M. L. Brooks, and C. D Antonio. 2010. Fire as a Restoration Tool: A Decision
Framework for Predicting the Control or Enhancement of Plants Using Fire. The Journal
of the Society for Ecological Restoration International 18(3):274–284.
Ryan, K. C., E. E. Knapp, and J. M. Varner. 2013. Prescribed fire in North American forests and
woodlands: History, current practice, and challenges. Frontiers in Ecology and the
Environment 11(1):15-24.
Schindler, J. R., T. E. Fulbright, and T. A. Forbes. 2004. Shrub regrowth, antiherbivore defenses,
and nutritional value following fire. Journal of Range Management 57(2):178–186.
Sparks, J. C., R. E. Masters, D. M. Engle, and G. A. Bukenhofer. 2002. Season of burn
influences fire behavior and fuel consumption in restored shortleaf pine – grassland
communities. Society of Ecological Restoration 10(4):714–722.
Stenseth, N. C. and A. Mysterud. 2002. Climate, changing phenology, and other life history
traits: Nonlinearity and match-mismatch to the environment. Proceedings of the National
Academy of Sciences 99(21):13379–13381.
6

Streng, D. R., J. S. Glitzenstein, and W. J. Platt. 1993. Evaluating effects of season of burn in
longleaf pine forests: a critical literature review and some results from an ongoing longterm study. Proceedings of the Tall Timbers Fire Ecology Conference 18: 227-263.
Outcalt, K. W. 2008. Lightning, fire and longleaf pine: Using natural disturbance to guide
management. Forest Ecology and Management 255:3351–3359.
Vijver, C. M. Van De, P. Poot, and H. T. Prins. 1999. Causes of increased nutrient
concentrations in post-fire regrowth in an East African savanna. Plant and Soil 214:173–
185.
Visser, M. E., and C. Both. 2005. Shifts in phenology due to global climate change: the need for
a yardstick. Proceedings of the Royal Society 272:2561-2569.

7

CHAPTER II
FIRE TIMING AFFECTS WHITE-TAILED DEER SUMMER NUTRITIONAL CARRYING
CAPACITY
2.1

Abstract
Forests typically have little high-quality nutrition available to meet the life stage needs of

white-tailed deer (Odocoileus virginianus) during summer. Prescribed fire is a widely used
management tool for enhancing deer habitat. However, prescribed fire is commonly restricted to
the dormant season due to ease of implementation and smoke liability issues. The effect of fire
timing on summer nutrient availability is poorly understood but may be important when trying to
couple forage resources with nutritionally stressful periods. I evaluated fire-timing effects on
white-tailed deer summer nutritional carrying capacity (NCC) in mid-rotation loblolly pine
(Pinus taeda) stands in Mississippi, USA. Each replicate pine stand (block; n=9) contained three
randomly assigned treatments (dormant season (March) fire, growing season (June) fire, and
unburned control). I estimated quality and biomass of moderate-high use deer forages in AugustSeptember 2018 and 2019 and calculated NCC estimates using a nutritional constraints model
based on a mean diet quality of 14% crude protein or 0.25% phosphorus. Summer NCC (deer
days/ha) in the first growing season was greatest following dormant season fire. Dormant and
growing season fire plots produced the greatest NCC during the second growing season
compared to unburned controls. Prescribed fire can be timed to manipulate forage quality,
quantity, and NCC to maximize nutrient availability on the landscape during nutritionally
8

demanding periods. I recommend land managers diversify fire timing across the landscape to
support nutritionally stressful periods for deer.
2.2

Introduction
Prescribed fire is considered a cost-effective management tool for land managers who

seek to enhance white-tailed deer (Odocoileus virginianus) habitat. It promotes and maintains
plant community composition that also provides foraging patches for many other wildlife species
(Sittler et al. 2010, Lashley et al. 2015a, Harper et al. 2016) by reducing woody dominance and
increasing forb and grass cover in the understory (Brennan et al 1998, Iglay et al. 2010). It also
ephemerally increases quality and quantity of forage for terrestrial herbivores by improving
germination conditions and stimulating nutritious re-growth (Lewis et al. 1982, Dyke and
Darragh 2007, Lashley et al. 2011). However, gains in forage quality and quantity depend on
when fire is implemented.
Fire regimes in the southeast are commonly restricted to the dormant season (Knapp et al.
2009), so varying the timing of prescribed fire could be an important consideration to improve
species richness, diversity, and abundance of plants (Jeffrey et al. 1998, Lashley et al. 2015b).
Fire during the growing season stimulates forage quality and decreases forage quantity during
the same growing season (McCord et al. 2014, Lashley et al. 2015a, Sittler et al. 2018). Dormant
season fire tends to increase forage production during the first growing season but does not
increase quality because ephemeral gains of nutrition are typically lost within 3-4 months
following fire (Lewis et al. 1982, Eby et al. 2014).
Knowledge of prescribed fire timing impacts on white-tailed deer (Odocoileus
virginianus) nutrition could improve options for deer habitat management. Dormant season
prescribed fire is commonly used to increase deer NCC (Edwards et al. 2004, Iglay et al. 2006,
9

Iglay et al. 2010, Lashley et al. 2011), but knowledge of growing season fire effects on summer
NCC is lacking particularly when considering fires set in mid to late summer (Nanney et al.
2018).
There is a need to understand how fire timing affects summer forage quality and quantity
to determine how it may affect growing season NCC for deer. To better understand the effects of
fire timing, I compared growing season NCC following dormant season (March) fire, growing
season (June) fire, and un-burned controls. My objective was to determine the effects fire timing
has on nutritional quality, biomass, and resulting growing season NCC for white-tailed deer
during two growing seasons post fire. Given that fire produces ephemeral gains in forage quality
(Lewis et al. 1982, Eby et al. 2014), I predicted growing season fire will increase forage quality
during the first growing season and nutritional gains from both fire treatments be lost in the
second growing season. Given that biomass production is dependent on when fire is
implemented (McCord et al. 2014, Lashley et al. 2015a, Sittler et al. 2018), I predicted dormant
season fire will produce more biomass during the first growing season than growing season fire
and both fire treatments will increase quantity of biomass during the second growing season.
2.3

Study Area
I conducted this study in nine mid-rotation, thinned loblolly pine (Pinus taeda) stands in

Monroe and Oktibbeha counties, Mississippi, USA (Fig. 2.1). The pine stands averaged 12.3 ha
with a pine basal area of 22m2 per hectare. Prescribed fire had not been conducted in these stands
for at least 5 years. Dominant soil types on study areas in Oktibbeha County were Wilcox silty
clay loam, Falkner and Longview silt loam, Urbo silty clay, and Prentiss silt loam. Dominant soil
types were Vaiden silty clay in Monroe County. Rainfall during the entirety of this study was
~309cm (U.S. Climate Data).
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2.4

Methods
Each of the nine pine stands (blocks) contained three randomly assigned treatments:

dormant season fire, growing season fire, and unburned control. I conducted dormant season
prescribed fires during March 2018 and growing-season prescribed fires during June 2018. I
conducted prescribed fire under weather conditions approved within a Mississippi burn permit,
with relative humidity ranging from 25 to 60% and wind speeds varying from 8 to 24 kph.
Experimental units within blocks ranged from 2.5-8.0 hectares in size and were separated by fire
breaks.
I estimated biomass of moderate-high use deer forages (Warren and Hurst 1981, Miller
and Miller 1999) during August-September of 2018 and 2019 using 10 1-m2 enclosure cages
placed systematically random using a fish-net grid created in ArcMap throughout each
experimental unit. I collected all leaves and growing tips of forages to represent consumable
biomass following guidelines of Lashley et al. 2014. I dried samples in a convection oven at
47oC until constant mass and sent them to Custom Laboratory (3068 State Hwy 37, Monett, MO
65708), a National Forage Testing Association certified lab, for a wet chemistry nutritional
analysis of crude protein (CP) and phosphorus (P).
I estimated treatment-specific growing season nutritional carrying capacity for a meanmixed diet quality of 14% CP (Jones et al. 2009, Iglay et al. 2010, Lashley et al. 2011) and
0.25% P (McEwen et al. 1957, Lashley et al. 2015c) to represent minimum nutrient requirements
for a lactating doe with one fawn using the explicit nutritional constraints model (Hobbs and
Swift 1985). I assumed deer consumed 1.36 kg of dry-matter forage per day (French et al. 1956,
Fowler et al. 1967). I incorporated plant species in the nutritional constraints model classified as
moderate to high deer forage preference based on literature (Warren and Hurst 1981, Miller and
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Miller 1999) and input from deer biologists with Mississippi Department of Wildlife, Fisheries
and Parks (Table A.4 & A.5).
2.5

Data Analysis
I used a linear mixed-model analysis of variance using the “lme4” package (Bates et al.

2015) in program R to determine main effects of treatment, year, and treatment × year
interactions on deer nutritional quality by forage class, biomass by forage class, and NCC. I
classified unburned control and dormant and growing season fire as my treatment fixed effects,
species as a random effect for forage quality and block × year as a random effect for forage
biomass and NCC. I classified species as my random effect for forage quality, so I could
determine how treatments were affecting quality while taking into account species variation. I
did not use block as a random effect because there was not forage quality values for each species
at each block. If I found significant treatment main effects, I used the “lsmeans” function to
compare means within year among treatments and between years within treatments. I used a
significance level of 𝛼=0.05 for all contrasts.
2.6
2.6.1

Results
Forage quality
Crude protein of all forages combined and of forbs, in particular, varied in relation to

time since fire (P<0.05; Table 2.1). Crude protein of all forages averaged 2.8% CP greater in
growing season plots as compared to unburned and dormant season plot forages in the first
growing season (Fig. 2.2(d), Table A.1). Growing season CP of all forages decreased 2.9% CP
and was similar to unburned and dormant season plot CP in the second growing season. Forbs in
growing season plots averaged 3% CP greater than forbs in unburned and dormant season plots
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in the first growing season but were similar to CP of forbs in unburned and dormant season plots
in the second growing season (Fig. 2.2(a), Table A.1).
Vine and shrub/tree CP varied by treatment and year (P<0.05; Table 2.1). Vines and
shrub/trees in growing season plots averaged 2.6% CP greater than vines and shrub/trees in
unburned and dormant season plots in the first growing season (Fig. 2.2(b), Fig. 2.2(c), Table
A.1). Vines and shrub/trees in growing season plots decreased by 2.8% CP in the second
growing season.
Forb phosphorus content varied in relation to time since fire (P=0.030; Table 2.1).
Phosphorus in dormant and growing season plots was 0.07% P greater than in unburned plots in
the first growing season. Phosphorus in growing season plots averaged 0.07% P greater than
forbs in dormant season plots in the second growing season (Fig. 2.3(a), Table A.1).
Phosphorus content of all forages, and in particular vines and shrub/trees, varied by
treatment across both years (P<0.05; Table 2.1). Phosphorus of all forages in growing season
plots averaged 0.04% P greater than unburned plots and dormant season plots (Fig. 2.3(d), Table
A.1). Vine and shrub/tree P increased in growing season plots by an average of ~0.03%P
compared to unburned and dormant season plots (Fig. 2.3(b), Fig.2.3(c), Table A.1).
2.6.2

Forage biomass
Biomass of all forages combined, and in particular forbs, varied in relation to time since

fire (P<0.05; Table 2.1). Total biomass of moderate-high use deer forages was greatest in
dormant season plots in both growing seasons (Fig. 2.4(d), Table A.2). Total biomass increased
by an average of 1.5 times in unburned and dormant season plots and growing season plots
underwent a 3-fold increase in total biomass between growing seasons. Forb biomass in dormant
season plots was 7 times greater than growing season plots in the first growing season (Fig.
13

2.4(a), Table A.2). Growing-season fire forb biomass increased 11-fold between growing
seasons and was 2 times greater than unburned and dormant-season forb biomass in the second
growing season.
Vine biomass varied by treatment and year, while shrub/tree biomass varied by treatment
across years (P<0.05; Table 2.1). Vine biomass in dormant season plots was an average of 1.9
times greater than unburned and growing season plot vine biomass in both growing seasons (Fig.
2.4(b), Table A.2). Vine biomass in each treatment increased by 1.6-2.2 times between growing
seasons. Shrub/tree biomass in dormant season plots averaged 3.2 and 8.5 times more biomass
than unburned and growing season plots biomass in both growing seasons (Fig. 2.4(c), Table
A.2).
2.6.3

Nutritional carrying capacity
Crude protein-based NCC varied in relation to time since fire (P=0.002; Table 2.1). CP

NCC in dormant season plots was 2 times greater than unburned plots and 4 times greater than
growing season plots in the first growing season (Fig. 2.5, Table A.3). Crude protein NCC in
both fire treatments nearly doubled unburned plots in the second growing season. Growing
season plots produced a 4-fold increase in CP NCC between growing seasons.
Phosphorus-based NCC varied by treatment across both years (P=0.016; Table 2.1).
Dormant season plot P NCC averaged ~ 49 deer days/ha greater than unburned and growing
season plot P NCC during both growing seasons (Fig. 2.6, Table A.3). However, growing season
plots P NCC nearly doubled between growing seasons and was similar to dormant season plots.
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2.7

Discussion
My results indicate that prescribed fire timing affected nutrient concentrations of

moderate-high use deer forages, consistent with my prediction that growing season fire would
increase forage quality during the summer months (Lewis et al. 1982, Dyke and Darragh 2007,
Eby et al. 2014). Dormant season fire did not increase forage quality during either growing
season as compared to unburned controls, which was also consistent with my prediction (Lewis
et al. 1982, Dyke and Darragh 2007, Eby et al. 2014). The greater P of all forages for the
growing season fire during the second growing season was contrary to other studies that reported
ephemeral gains in nutrition are lost within 3-4 months (Lewis et al. 1982, Eby et al. 2014, Sittler
et al. 2018). This longer lasting increase in P following growing season fire is important in deer
management because P positively influences deer plant selection (Dykes et al. 2018) and forages
are commonly deficient in P and do not reach minimum phosphorus levels required by lactating
deer (Blair et al. 1977, Grassman and Hellgren 1993, Hewittt 2011). However, the sustained
increase of 0.07% P following growing season fire increased average P of deer forages to meet
minimal lactation requirements.
The effects prescribed fire had on forage biomass of moderate-high use deer forages
varied based on timing of fire. Greater amounts of biomass during the first growing season for
dormant season fire was consistent with my prediction and other studies (Harper 2007, Lashley
et al. 2015a). However, the greater dormant season fire biomass of moderate-high use deer
forages during the second growing season was inconsistent with my prediction that both fire
treatments would increase biomass during the second growing season in relation to unburned
plots. The reduction in shrub/tree biomass following growing season fire in this study led me to
believe this was due to growing season fire more effectively controlling woody plants. This is
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consistent with other studies that report fire conducted in the growing season controls woody
plant encroachment better than dormant season fire (Drewa et al. 2002, Gruchy et al. 2009,
Nichols et al. unpublished).
The Hobbs and Swift (1985) nutritional constraints model have prevented overestimation
of NCC because it takes into account minimal dietary requirements and forage availability of
deer (Jones et al. 2009). However, calculating NCC with this method should not be considered a
true estimate of CC, but should be considered accurate indices reflecting carrying capacity
(Edwards et al. 2004, Lashley et al. 2011, Nanney et al. 2018). I selected CP and P as my model
constraints because they are commonly designated as limiting nutrients during summer months
for deer (Blair et al. 1977, Grassman and Hellgren 1993, Hewitt 2011). I did not include
maintenance level estimates in this study because all plants were above the minimum threshold
and would have closely resembled forage biomass estimates.
Prescribed fire timing had an effect on CP-based NCC, likely due to the resulting effects
that prescribed fire timing had on forage quality and biomass (Hobbs and Swift 1984, Jones et al.
2009). The dormant season fire increase in CP NCC during the first growing season was likely
due to increased overall forage biomass produced during the growing season. Although growing
season fire biomass was lower than dormant season fire biomass in the second growing season,
they both improved CP NCC over the unburned control plots during the second growing season.
This was similar to previous studies that reported prescribed fire increased CP NCC during the
second growing season, or 1-year post fire (Lashley et al. 2011, Nanney et al. 2018). I believe
this was caused by the amount of forb biomass growing season fire produced. Forbs are a
significant portion of a white-tailed deer’s summer diet and their likelihood to meet the minimum
requirements of CP (Holechek 1984, Hewitt 2011, Nanney et al. 2018) would result in more
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biomass meeting the mixed diet quality of 14% CP. The resulting effects that fire timing has on
CP NCC supported my predictions that dormant season fire would increase NCC during the first
growing season and both fire treatments would increase NCC during the second growing season.
The dormant season fire increase in NCC and growing season fire increase in forage
quality during the first growing season indicates that timing of fire is an important consideration
for land managers. Incorporating multiple fire timings on the landscape will allow deer to utilize
high quality forage produced from growing season fire as well as the increased NCC from
dormant season fire during lactation. It has also been reported that deer use growing season burn
plots at higher levels during the late summer to exploit nutritional resources even though NCC is
lower (Nichols et al. 2020 unpublished data). In my study, it was evident that manipulating fire
timing optimizes nutrient availability over time. Therefore, there is a need to incorporate
multiple fire timings within fire regimes to adequately optimize forage quality and biomass
across years.
Incorporating multiple fire timings will make it more logistically feasible for land
managers to conduct all planned prescribed burns by extending the burn window into multiple
seasons. However, land managers are generally skeptical of burning during the growing season
because of smoke management issues and limited burn days (Palik et al. 2002, Ryan et al. 2013).
Growing season fire is also associated with direct population-level negative effects on ground
nesting birds, but these effects are minimal because fire has the ability to offset direct effects
through improved habitat conditions in the future (Cox and Widener 2008, Kilburg et al. 2014).
Moreover, deer and other wildlife depend on benefits produced from growing season fire for
high quality foraging patches during the late summer and reduction of woody encroachment
(Lewis et al. 1964, Gruchy et al. 2009, Nichols et al. 2020 unpublished data). Thus, exemplifying
17

the need to incorporate growing season fire into current fire regimes to maintain early
successional plant communities and optimize NCC across the landscape.
Prescribed fire timing also had an effect on P-based NCC. The continued increase in P
NCC in dormant season plots was likely due to dormant season fire producing more overall
biomass during both growing seasons and few plant species reaching the minimum P threshold
for a lactating doe with one fawn. This lead to high variation within NCC estimates among
treatments because some sites produced little amounts of biomass and some produced high
amounts of biomass that met or exceeded the mean diet quality for P. However, the growing
season fire increase in P and biomass during the second growing season caused P NCC to
increase. Furthermore, results support my predictions that dormant season fire would increase
NCC during the first growing season and both fire treatments would increase NCC during the
second growing season.
Prescribed fire timing effects deer carrying capacity by increasing forage quality and
quantity. The interacting effects fire timing has on these variables are essential to optimizing
nutrient and forage availability on the landscape for deer. Furthermore, when forage quality and
quantity are at their peaks is dependent on when fire is implemented and pyrodiversity should be
an essential consideration when managing for deer habitat and forage quality (Lashley et al.
2015b, Bowman and Legge 2016). Integrating more variable fire timing into current regimes will
optimize available nutrition and deer NCC on the landscape to help deer better meet their
nutritional demands during nutritionally stressed periods and reach their full potential.
2.8

Management implications
Managing across the landscape using multiple prescribed fire timings can optimize forage

quality, forage quantity, and deer NCC during the summer stress period. One fire timing alone is
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not effective at optimizing overall nutrient and forage availability on the landscape. I recommend
that land managers section properties into smaller burn units and implement prescribed fire
during multiple seasons to reduce logistical constraints and promote plant diversity, quality, and
quantity to support nutritionally stressed periods for deer.
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Table 2.1

Interactions and main effects of forage quality and biomass by forage class of
moderate-high use deer forages species used in carrying capacity analysis
nutritional and carrying capacity estimates at a 14% crude protein (CP) and 0.25%
phosphorus (P) constraint; sampled during August-September 2018 and 2019 in 9
mid-rotation loblolly pine plantations following unburned treatments (Control) and
fire treatments during March 2018 (Dormant) and June 2018 (Growing) in Monroe
and Oktibbeha counties, Mississippi, USA.
Treatment

Yr

Treatment × Yr

𝐹a

P-value

𝐹

P-value

𝐹

P-value

Forb*

7.01

0.002

8.99

0.004

6.45

0.003

Vine**

4.09

0.024

5.27

0.027

3.06

0.058

Shrub/Tree

6.25

0.005

11.67

0.002

2.60

0.089

Total

16.99

≤0.001

22.00

≤0.001

10.93

≤0.001

Forb*

2.62

0.081

1.95

0.167

3.71

0.030

Vine**

3.51

0.039

0.48

0.494

0.57

0.572

Shrub/Tree

3.88

0.031

2.06

0.161

0.38

0.686

Total

9.94

≤0.001

1.03

0.311

2.30

0.104

1.66

0.206

4.75

0.045

8.96

≤0.001

Vine**

18.75

≤0.001

8.99

0.008

0.06

0.941

Shrub/Tree

10.53

≤0.001

2.96

0.105

0.39

0.680

Total

22.33

≤0.001

20.99

≤0.001

3.33

0.048

NCC
14% CP

14.73

≤0.001

6.31

0.023

7.54

0.002

0.25% P

4.73

0.016

1.47

0.243

0.34

0.717

Variable
CP

P

Forage biomass
Forb*

a

df determined using Kenward-Roger
Includes leguminous forbs
**
Includes brambles
*
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Figure 2.1

Location of study areas where I conducted burns and collected vegetation in
Monroe and Oktibbeha counties, Mississippi, USA, 2018-2019.
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Figure 2.2

Least-squares mean growing-season crude protein estimates by forage class of
moderate-high use white-tailed deer forages sampled August-September of 20182019 in 9 mid-rotation loblolly pine plantations following unburned treatments
(Control) and fire treatments during March 2018 (Dormant) and June 2018
(Growing) in Monroe and Oktibbeha counties, Mississippi, USA.

22

Figure 2.3

Least-squares mean growing-season phosphorus estimates by forage class of
moderate-high use white-tailed deer forages sampled August-September of 20182019 in 9 mid-rotation loblolly pine plantations following unburned treatments
(Control) and fire treatments during March 2018 (Dormant) and June 2018
(Growing) in Monroe and Oktibbeha counties, Mississippi, USA.
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Figure 2.4

Least-squares mean growing-season biomass estimates (kg/ha) by forage class of
moderate-high use white-tailed deer forages sampled August-September of 20182019 in 9 mid-rotation loblolly pine plantations following unburned treatments
(Control) and fire treatments during March 2018 (Dormant) and June 2018
(Growing) in Monroe and Oktibbeha counties, Mississippi, USA.
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Figure 2.5

Least-squares mean estimates of nutritional carrying capacity (deer days/ha) at a
14% crude protein constraint based on forage species sampled during AugustSeptember 2018 and 2019 in 9 mid-rotation loblolly pine plantations following
unburned treatments (Control) and fire treatments during March 2018 (Dormant)
and June 2018 (Growing) in Monroe and Oktibbeha counties, Mississippi, USA.
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Figure 2.6

Least-squares mean estimates of nutritional carrying capacity (deer days/ha) at a
0.25% phosphorus constraint based on forage species sampled during AugustSeptember 2018 and 2019 in 9 mid-rotation loblolly pine plantations following
unburned treatments (Control) and fire treatments during March 2018 (Dormant)
and June 2018 (Growing) in Monroe and Oktibbeha counties, Mississippi, USA.
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CHAPTER III
CREATING LOCALIZED, NUTRITIONALLY-IMPROVED FORAGE WITH
MECHANICAL STUMP SPROUTING
3.1

Abstract
Many woody plant species have evolved to re-sprout following top-kill. Nutrition of

these sprouts may be positively altered by root-to-shoot and leaf-to-stem ratios. However, studies
have not revealed if creating mechanical stump sprouts can produce resources pulses to increase
localized nutrient availability in closed canopy forests for white-tailed deer (Odocoileus
virginianus). These sprouts may provide deer with high-quality forage needed during certain
stress periods (i.e. late summer nutritional stress period) throughout the year. To experimentally
test this, I mechanically cut 4 trees each of 3 common species with a range of browse preference
from high to low: blackgum (Nyssa sylvatica), red maple (Acer rubrum), and sweetgum
(Liquidambar styraciflua) during June 2018 and 2019 in each of 10 replicates in Mississippi,
USA. I estimated monthly nutritional quality, biomass, and deer use of stump sprouts during
July-September for two years using exclosure cages. Stump sprout forage quality, as indicated by
leaf crude protein and phosphorus content, was greater than controls for both years. The greater
nutrient concentration of stump sprouts stimulated deer use of moderate to low-preference
woody species. Creating stump sprouts can be used to produce localized food patches and
supplement nutrition in closed canopy forests.
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3.2

Introduction
Most woody species have evolved to re-sprout (stump sprouts) following top-kill from

fire and other natural disturbances (Bond and Midgley 2003, Bond and Keeley 2005), and
herbivores may exploit re-sprouting vegetation produced by woody species. Forage quality of
these re-sprouts are generally affected by root-to-shoot ratios, leaf-to-stem ratios, and relative
age of forage (Christensen 1977, Vijver et al. 1999, Ferwerda et al. 2006). Studies have shown
how re-sprouting affects nutrients and anti-herbivory defenses. Nutrient values of shrubs
following fire in north Texas temporarily increased and physical defenses, such as thorn length
and mass, decreased for 6 weeks following fire (Schindler et al. 2004). Young leaves responding
from top-kill generally have greater crude protein (CP) and concentration of minerals, such as
phosphorus (P) (Powell and Box 1966). Reduced amounts of condensed tannins, acid detergent
fiber (ADF), and neutral detergent fiber (NDF) in young, sprouting leaves improves digestibility
(Jones et al. 2010, Sensenig et al. 2010, Gullap et al. 2018) and palatability following top-kill
(Lay 1967). This positive shift in nutrients and minerals may explain why herbivores seek and
exploit woody re-sprouts. However, studies have not revealed if mechanical cutting of trees
could be used as an applicable method to manage high-quality forage for white-tailed deer
(Odocoileus virginianus) in localized patches. Furthermore, there is a lack of information
pertaining to how deer utilize regenerating stump sprouts following mechanical top-kill.
Resource pulses are defined as infrequent, high intensity, and short duration resource
availability events that are usually produced by disturbances (Yang et al. 2008). In this study, I
determined if creating stump sprouts can produce localized resource pulses to support nutritional
needs of deer in closed canopy forests during the summer months (July-September). I also
quantified amount and use of stump sprout forage biomass available to deer. Quantifying the
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effects of stump sprouting on forage quality and biomass could lead to an additional costeffective, low-intensity management option to supplement localized nutrient availability.
There is a need to understand forage quality and quantity of regenerating stump sprouts
as well as white-tailed deer preference for this forage source to provide deer with quality
foraging areas in closed-canopy forests. My first objective was to quantify the effects of
mechanical top-kill of trees on growing-season nutritional quality and biomass of regenerating
stump sprouts for two growing seasons following mechanical top-kill of trees. I hypothesized
nutritional quality would be positively affected following mechanical top-kill of trees. I predicted
CP, P, and sulfur (S) content of sprouting leaves would increase following mechanical tree topkill due to changes in plant characteristics, such as root-to-shoot ratios, leaf-to-stem ratios, and
relative age of sprouts (Christensen 1977, Vijver et al. 1999, Ferwerda et al. 2006). I predicted
ADF and NDF would decrease because regenerating leaves usually contain lower amounts of
cellulose and plant cell wall material (Sensenig et al. 2010, Gullap et al. 2018). I also predicted
stump sprout nutrient concentration would decrease, and biomass would increase during the
second growing season because quality tends to decrease, and biomass tends to increase with
increasing time since disturbance (Eby et al. 2014, Lashley et al. 2015, Sasmal et al. 2017). My
second objective was to estimate deer use of stump sprouts during the same interval. I
hypothesized deer use would vary among species based on previous browse ratings (Warren and
Hurst 1981, Miller and Miller 1999) and between the two growing seasons. I predicted deer use
would decrease during the second growing season because forage quality drives use and tends to
decrease with increasing time since disturbance (Christensen 1977, Lewis et al. 1982, Eby et al.
2014). Fulfilling these objectives allowed me to provide land managers with information and
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procedures to supplement wildlife with high quality resources and allowed me to determine the
duration of these benefits.
3.3

Study Area
I conducted this study on the John W. Starr Wildlife Management Area (WMA) in

Oktibbeha County, Mississippi, which is composed of ~3300 hectares of loblolly pine (Pinus
taeda) and bottomland hardwood stands. Precipitation over the entirety of the experiment (June
2018-September 2019) was ~276m (U.S. Climate Data). I established 10 7,854 square meter
experimental sites in separate bottomland hardwood drainages throughout three units of John W.
Starr WMA (Talking Warrior Unit, Cypress Creek Unit, Noxubee Unit). I selected bottomland
hardwood drainages because they contained abundant mid-story trees of the target species of
interest. I separated experimental sites by at least 1km, with an average of 2.2km. Each
experimental site (replicate) contained at least 5 uncut trees of the 3 targeted tree species that
were 7.6-12.7 centimeters in diameter at breast height. I selected tree species that had a range of
deer browse preference from high (blackgum; Nyssa sylvatica), to moderate, red maple (Acer
rubrum), and to low (sweetgum; Liquidambar styraciflua; Warren and Hurst 1981, Miller and
Miller 1999).
3.4

Methods
I randomly selected 2 trees of each species at each site to mechanically cut with a

chainsaw during June 2018. I cut trees ~15 centimeters above the forest floor. I excluded deer
from 1 stump of each species with a 1-m2 enclosure cage during the 2018 growing season. After
the 2018 growing season, the exposed stump of the same species received the enclosure cage.
Switching of cages between growing seasons allowed me to include the influence deer may have
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had on tree regeneration during the second growing season. During June 2019, I mechanically
cut 2 more trees of each species and excluded deer from 1 stump of each species for the 2019
growing season.
I sampled forage quality and biomass monthly during July – September 2019. Using the
uncaged stumps as a visual reference, I removed forage from caged stumps to match the visual
vegetation of their uncaged pair following guidelines of Lashley et al. 2014. I assumed the
trimmed forage was an estimate of deer use during the time interval. I estimated total forage
production per stump as the sum of monthly removals plus all remaining forage on each caged
stump during September. I also collected growing tips and leafy biomass of uncut trees of the
same species that were within reach of deer (≤ 1m) for comparison of nutrients. I placed forage
samples in paper bags and dried in a convection oven at 470 C until constant mass. I sent samples
to Custom Laboratory in Monett, MO, USA; a forage lab certified by National Forage Testing
Association, for a WET chemistry analysis of CP, P, S, ADF, and NDF.
I estimated proportion of deer use by measuring how much browse was evident on the
exposed stumps and sampled the same amount of biomass from the enclosed stumps. I
documented how much dry weight biomass was consumed per month (July and August 2019)
and divided each month’s value by the overall growing season biomass estimate.
3.5

Data Analysis
I analyzed nutritional data using the “lme4” package (Bates et al. 2015) in Program R to

build a linear mixed effect model (lmer) to test for species and treatment main effects as well as
species × treatment interactions to determine the effects mechanical top-kill of trees (stump
sprouting) had on forage quality, as compared to un-cut trees. This model was based on mean
values over the growing season (July-September) for all variables. I compared nutritional quality
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among species (n=3) and treatments (n=3). I designated treatment main effects for this analysis
as control (un-cut trees), 1-year post stumping, and 2-year post stumping. I used the same model
to determine how mechanical top-kill of trees affected biomass for both growing seasons but did
not compare biomass to untreated controls, as this is not a valid comparison. Rather, I selected
this model to take into account the random variation of species across sites. If I found significant
main effects, I used the least-square means (lsmeans) function to develop contrasts and compare
means within species between treatments and among species within treatments. I used a
significance level of 𝛼=0.05 for all contrasts.
I analyzed deer use with the “betareg” package (Cribari-Neto and Zeileis 2010) in
Program R with the “logit” transformation. I selected beta regression to account for proportion
data not including 0 and 1. I calculated proportion of deer use for each stump species at each
sampling location. I compared means among species (n=3) and year (n=2). I structured the
model to analyze proportion of deer use as a function of species, year, and species × year. If I
found significant main effects, I used the least-squares means (lsmeans) function to develop
contrasts to compare means of species between years and among species within year. I used a
significance level of 𝛼=0.05 for all contrasts. Actual mean estimates, rather than transformed, are
presented for ease of interpretation.
3.6
3.6.1

Results
Nutritional quality
The treatment response of CP was not consistent among species (P<0.001; Table 3.1).

Stump sprout CP increased by 2-4% CP compared to controls during both growing seasons for
all species (Fig. 3.1(a), Table B.1). However, CP of blackgum and red maple was 2.4-4.6% CP
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greater than sweetgum and red maple had 1.8% CP less than blackgum during the second
growing season.
Forage minerals responded differently following treatment. The treatment response of P
was consistent among species (P<0.001; Table 3.1), increasing by a value of 0.09-0.12% P as
compared to controls during both growing seasons (Fig. 3.1(b), Table B.2). However, S varied in
relation to time since treatment (P=0.040; Table 3.1) by increasing 0.03-0.05% P in red maple
and sweetgum as compared to controls for both growing seasons, while blackgum remained the
same (Fig. 3.1(c), Table B.2).
Both fiber variables responded similarly following mechanical top-kill of trees. ADF and
NDF responses interacted with species and treatment (P<0.05; Table 3.1), which indicated the
treatment response was not consistent in relation to time since treatment. ADF values were
similar among all treatments sweetgum, but red maple contained 2.2% less ADF during the first
growing season and blackgum contained 1.3% more ADF during the second growing season than
uncut controls (Fig. 3.1(d), Table B.3). Red maple averaged 4.8% and 6.2% ADF greater than
blackgum and sweetgum within each treatment, while blackgum averaged 1.6% ADF greater
than sweetgum in the control and second growing season. Blackgum and red maple decreased by
3.5 and 5.2% NDF as compared to controls during the first growing season but sweetgum
increased by an average of 5.3% NDF during both growing seasons (Fig. 3.1(e), Table B.3).
Within treatments among species, NDF differed among all species in the control but were similar
during the first growing season. Blackgum and red maple were 6.0 and 8.7% NDF greater than
sweetgum prior to mechanical top-kill. Blackgum was 4.4 and 3.4% NDF lower than red maple
and sweetgum in the second growing season.
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3.6.2

Stump biomass and its use
Stump sprout biomass (P<0.001; Fig. 3.2, Table B.4) differed by species, but not between

the first and second growing seasons. Blackgum and red maple produced an average of 19.08
grams more biomass per stump than sweetgum during both growing seasons.
Proportion of deer use varied in relation to time since treatment among species (P=0.038;
Fig. 3.3, Sup. Table B.4). Within the first growing season, deer use of blackgum and red maple
was similar to one another but 17-18% greater than sweetgum. However, sweetgum deer use
increased 25% and was similar to blackgum and red maple during the second growing season.
3.7

Discussion
Results from this study support my hypothesis that nutrient concentration of forage would

be positively affected by mechanical top-kill. The increased nutrients produced by stump sprouts,
such as CP, P, and S, was consistent with previous studies (e.g., Powell and Box 1996, Schindler
et al. 2004) and my prediction. The uptake of nutrients and minerals in stump sprouts was likely
caused by changes in root-to-shoot ratios, leaf-to-stem ratios, and relative age of forage
(Christensen 1977, Vijver et al. 1999, Ferwerda et al. 2006). Once above-ground biomass is
removed via mechanical cutting, root-to-shoot and leaf-to-stem ratios are altered and nutrients
are upregulated from the abundant root structure to produce tissue for growth and to capture
sunlight (McNaughton 1979, Menaut and Cesar 1982, Ojima et al. 1994, Vijver et al. 1999). The
differential response among tree species was likely due to variation in relative root stock across
species (Hodgkins 1998, Bond and Midgley 2003). There may be a need to test more trees
species to further understand the interspecific variations associated with regenerating stump
sprouts in future research.
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My prediction that ADF and NDF would decrease following mechanical top-kill of trees
was supported by red maple. This was likely due to lower amounts of cellulose and cell wall
material present in the regenerating young tissue (Sensenig et al. 2010, Gullap et al. 2018).
Results indicate that ADF and NDF responded differently among species and mechanical top-kill
had minimal effects on ADF and NDF. Furthermore, the increased nutrient concentration as
compared to minimal effects on fiber increases overall forage quality. Contrary to my prediction
that nutritional quality would decrease, and biomass would increase from the first growing
season to the next, my results suggest nutrition and biomass remained the same for both years
following mechanical top-kill. Many studies have found that increased nutrient concentrations
are lost within a year following disturbance (Christensen 1977, Batmanian and Haridasan 1985,
Vijver et al. 1999), but my results suggest that stump sprouts maintained high-quality forage for
at least two years post mechanical top-kill.
The increased use of forage by deer associated with positive shifts in forage quality was
consistent with other studies that demonstrated deer preferred forages in disturbed areas because
they possessed greater nutrient concentration, and greater forage value (Frost 1984, Wilsey 1996,
Sensenig et al. 2010, Eby et al. 2014). However, results did not consistently support my
predictions that the highest deer preference forage (blackgum) would be used the most following
top-kill and that deer use would decline between growing seasons. Furthermore, increased use of
sweetgum the second growing season indicates I was able to stimulate use of a typically lowmoderate preference deer forage by simply cutting trees and allowing them to re-sprout.
My results indicate stump sprouts can improve localized food patches in closed-canopy
forests where nutrition is limited, and high-quality forage is unavailable. Stump sprouts can
provide deer with high-quality forage during periods when nutritional demands are high and diet
39

quality is normally declining (Reynolds et al. 1992, Hewitt 2011), and when nutritional
requirements to support lactation (Jacobson et al. 1979, Landete-Castillejos et al. 2002, Iglay et
al. 2010) may not be met (i.e., late-summer stress period). Furthermore, creating stump sprouts
allows the production of high-quality forage from woody species that are generally not
considered deer forage. However, I want to emphasize that creating stump sprouts will not
replace food plots, due to the high amount of biomass produced by food plots (Edwards et al.
2004). Moreover, one could achieve a large-scale improvement if an entire stand were
“improved” by top-killing shade-tolerant hardwoods via timber stand improvement (TSI).
Nevertheless, stump sprouting is a low intensity and viable technique to increase nutrient
concentrations and attractiveness of forage for deer in localized patches.
3.8

Management Implications
Mechanical cutting of mid-story trees to create stump sprouts produces localized patches

of high-quality food to supplement nutrition in closed-canopy forests where naturally occurring
herbaceous forages are rare, and where warm-season supplemental plantings are not feasible.
Stump sprouts stimulated use of non-preferred woody species by producing dense nutrient
concentrations rarely found in naturally occurring forages on the landscape. Top-killing midstory trees that are out of reach of deer produces a net gain in forage availability because it
transfers nutrients to the lower canopy. Creating stump sprouts can augment early fall hunting
opportunities by serving as a natural attractant to deer and can engage landowners and hunters in
active habitat management to better provide deer with high-quality forages throughout the year. I
recommend creating stump sprouts in localized patches to increase nutrient and forage
availability in closed-canopy forests for white-tailed deer.
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Table 3.1

Interactions and main effects of stump sprout forage quality of 3 tree species (7.6212.7cm) mechanically cut June 2018 or 2019 sampled at 1-year and 2-years post
treatment in July-September 2019 compared to uncut mid-story trees in
bottomland hardwoods at John W. Starr Wildlife Management Area, Oktibbeha
County, Mississippi, USA. Monthly values were averaged prior to comparison.
Treatment

Variable
Forage quality

𝐹a

Spp

P-value

CP
71.27
≤0.001
P
31.91
≤0.001
S
15.04
≤0.001
ADF
7.40
≤0.001
NDF
6.59
0.002
a
df determined using Kenward-Roger

Treatment × Spp

𝐹

P-value

𝐹

P-value

93.72
1.99
8.18
268.1
20.83

≤0.001
0.139
≤0.001
≤0.001
≤0.001

6.48
0.70
2.55
3.34
21.2

≤0.001
0.588
0.040
0.011
≤0.001
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Figure 3.1

Least-square mean estimates of crude protein (a), phosphorus (b), sulfur (c), ADF
(d), and NDF (e) of young leaves and growing tips of 3 tree species (7.62-12.7cm)
mechanically cut June 2018 or 2019 sampled at 1-year and 2-year post treatment in
July-September 2019 compared to uncut mid-story trees in bottomland hardwoods
at John W. Starr Wildlife Management Area, Oktibbeha County, Mississippi,
USA. Monthly values were averaged prior to comparison.
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Figure 3.2

Least-square mean estimates of stump biomass of 3 tree species (7.62-12.7cm)
mechanically cut June 2018 or 2019 sampled at 1-year and 2-years post treatment
in July-September 2019 in bottomland hardwoods at John W. Starr Wildlife
Management Area, Oktibbeha County, Mississippi, USA.
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Figure 3.3

Least-square mean estimates of proportion od deer use of young leaves and
growing tips of 3 tree species (7.62-12.7cm) mechanically cut June 2018 or 2019
sampled at 1-year and 2-years post treatment in July-September 2019 in
bottomland hardwoods at John W. Starr Wildlife Management Area, Oktibbeha
County, Mississippi, USA.
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APPENDIX A
SUPPLEMENTAL TABLES OF FORAGE CHARACTERISTICS FOR NUTRITIONAL
CARRYING CAPACITY ESTIMATES
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Table A.1

Least-square mean growing-season crude protein and phosphorus estimates of
moderate-high use white-tailed deer forages sampled August-September of 20182019 in 9 mid-rotation loblolly pine plantations following unburned treatments
(Control) and fire treatments during March 2018 (Dormant) and June 2018
(Growing) in Monroe and Oktibbeha counties, Mississippi, USA.
TreatmentB
Control

Forage class
Forb*

Vine**

Shrub/Tree

Total

Dormant

Growing

CP

Yr
2018A

𝑥̅
15.3 Aa

SE
0.78

𝑥̅
16.4 Aa

SE
0.77

𝑥̅
19.2 Ba

SE
0.94

CP

2019

15.8 Aa

0.75

15.1 Aa

0.67

15.7 Ab

0.70

P

2018

0.22 Aa

0.03

0.29 Ba

0.03

0.04

P

2019

0.23
ABa

0.03

0.19 Ab

0.02

0.28
ABa
0.28 Ba

CP

2018

13.0 Aa

0.74

13.2 Aa

0.74

16.1 Ba

0.77

CP

2019

13.0 Aa

0.77

12.6 Aa

0.74

13.0 Ab

0.81

P

2018

0.15 A

0.03

0.15 A

0.03

0.21 B

0.03

P

2019

0.17 A

0.03

0.18 A

0.03

0.20 A

0.03

CP

2018

14.0 Aa

0.84

14.8 Aa

0.82

16.6 Ba

0.84

CP

2019

13.5 Aa

0.80

13.9 Aa

0.79

14.1 Ab

0.84

P

2018

0.18 A

0.02

0.18 A

0.02

0.21 A

0.02

P

2019

0.16 A

0.02

0.16 A

0.02

0.20 B

0.02

CP

2018

14.6 Aa

0.51

15.3 Aa

0.50

17.8 Ba

0.55

CP

2019

14.7 Aa

0.50

14.4 Ab

0.47

14.9 Ab

0.49

P

2018

0.20 A

0.01

0.22 AB

0.02

0.25 B

0.02

P

2019

0.20 A

0.02

0.18 A

0.01

0.25 B

0.02

A

Within year, treatments with the same uppercase letters do not differ (P>0.05)
Between years, treatments with the same lower-case letters do not differ (P>0.05)
*
Includes leguminous forbs
**
Includes brambles
B
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0.02

Table A.2

Least-square mean growing-season biomass estimates (kg/ha) of moderate-high
use white-tailed deer forages sampled August-September of 2018-2019 in 9 midrotation loblolly pine plantations following unburned treatments (Control) and fire
treatments during March 2018 (Dormant) and June 2018 (Growing) in Monroe and
Oktibbeha counties, Mississippi, USA.
TreatmentB

Forage class
Forb*

Vine**

Shrub/Tree

Total

Control

Dormant

Growing

SE

Yr
2018A

𝑥̅
48.8 ABa

𝑥̅
78.7 Ba

𝑥̅
11.1 Aa

22.4

2019

60.8 Aa

88.8 Aa

149.0 Bb

2018

89.8 Aa

153.9 Ba

58.4 Aa

2019

150.5 Ab

224.5 Bb

128.9 Ab

2018

13.5 AB

53.2 B

4.9

2019

39.7 A

96.9 B

24.9 A

2018

152.1 Aa

285.9 Ba

74.4 Ca

2019

251.0 Ab

410.2 Bb

302.5 Ab

A

A

Within year, treatments with the same uppercase letters do not differ (P>0.05)
Between years, treatments with the same lower-case letters do not differ (P>0.05)
*
Includes leguminous forbs
**
Includes brambles
B
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20.6

16.8

31.7

Table A.3

Least-square mean estimates of nutritional carrying capacity (deer days/ha) at a
14% crude protein (CP) and 0.25% phosphorus (P) constraint based on forage
species sampled during August-September 2018 and 2019 in 9 mid-rotation
loblolly pine plantations following unburned treatments (Control) and fire
treatments during March 2018 (Dormant) and June 2018 (Growing) in Monroe and
Oktibbeha counties, Mississippi, USA.
TreatmentB
Control
NCC
14% CP

0.25% P
A
B

Dormant

Growing

Yr
2018A

𝑥̅
96 Aa

SE
25

𝑥̅
202 Ba

SE
25

𝑥̅
54 Aa

SE
25

2019

116 Aa

25

223 Ba

25

212 Bb

25

2018

44 A

20

101 B

20

45 A

20

2019

57 A

20

114 B

20

85 AB

20

Within year, treatments with the same uppercase letter do not differ (P>0.05)
Between years, treatments with the same lower-case letters do not differ (P>0.05)
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Table A.4

Biomass (kg/ha), crude protein, and phosphorus of moderate-high use deer forages sampled August-September of 2018
used in white-tailed deer nutritional carrying capacity estimates in 9 mid-rotation loblolly pine plantations following
unburned treatments (Control) and fire treatments during March 2018 (Dormant) and June 2018 (Growing) in Monroe
and Oktibbeha counties, Mississippi, USA.
Biomass
Species

Crude Protein

C

D

G

Acer (Acer spp.)

28.37

23.30

17.21

12.13 13.97 17.12

0.12 0.17 0.18

Alabama supplejack (Berchemia scandens)

5.32

2.29

0.05

12.50 13.84

0.11 0.10

American beautyberry (Callicarpa americana)

33.85

241.59

10.78

17.59 15.49 20.38

0.31 0.14 0.23

Black cherry (Prunus serotina)

1.27

2.95

0.28

9.94

10.52 13.01

0.12 0.12 0.11

Blackberry (Rubus spp.)

393.26

241.59

68.74

13.12

1.97

15.00

0.14 0.14 0.14

Canada goldenrod (Solidago canadensis)

297.61

378.21

91.05

18.47 18.27 21.50

0.21 0.23 0.37

Burnweed (Erechtites hieraciifolius)

7.17

34.00

3.96

13.91 16.04 18.67

0.10 0.42 0.40

Cat greenbrier (Smilax spp.)*

0.69

3.32

1.81

9.51

0.08 0.08 0.15

Common boneset (Eupatorium perfoliatum)

0.53

3.06

Common greenbrier (Smilax rotundifolia)

13.83

62.09

Common ragweed (Ambrosia artemisiifolia)

0.90

Creeping lespedeza (Lespedeza repens)
Desmodium (Desmodium spp.)
Devil’s walkingstick (Aralia spinose)

1.71

C

D

G

Phosphorus

12.80 11.69

C

D

G

14.22 20.48

0.19 0.27

12.59 15.63 17.80

0.09 0.08 0.11

36.81

19.59 23.98

0.31 0.36

8.18

9.79

0.10

13.95 12.29 13.85

0.34 0.15 0.15

17.31

0.11

9.01
5.24
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43.08

0.40

Table 3.1 (continued)
Biomass
Species

C

C

1.55

13.76

14.42

0.30

33.72

3.3

18.99 19.11 16.86

0.13 0.13 0.21

Elephant’s foot (Elepjantopus spp.)

3.88

2.5

11.23 17.12

0.25 0.30

False flowering spurge (Euphorbia pubentissima)

0.44

0.01

18.98

0.46

14.01

13.72 13.63

0.18 0.42

26.92

22.86

0.48

0.75

Eastern baccharis (Baccharis halimifolia)

16.25

Galium (Galium spp.)

2.91

Giant ragweed (Ambrosia trifida)
Green Ash (Fraxinus pennsylvanica)

D

G

Phosphorus

G

Diodia (Diodia spp.)

D

Crude Protein

C

D

G

7.84

80.37

8.69

13.86 14.92 16.97

0.28 0.29 0.32

Honeysuckle (Lonicera japonica)

143.41

46.80

10.23

12.23 12.33 14.95

0.19 0.26 0.25

Late boneset (Eupatorium serotinum)

104.03

127.61

0.53

23.01 20.48 26.81

0.33 0.27 0.23

Ludwigia (Ludwigia spp.)

0.98

0.04

16.06

0.26

Maryland meadowbeauty (Rhexia mariana)

2.64

0.41

0.51

14.19 10.94 15.18

0.08 0.14

Morning glory (Ipomeas spp.)

3.30

10.22

23.99

15.04 16.28 15.51

0.16 0.21 0.33

Muscadine (Vitis rotundifolia)

28.14

129.79

56.32

12.80 15.05 17.09

0.16 0.13 0.16

Northern dewberry (Rubus flagellaris)

18.88

38.59

26.25

14.61 15.18 16.31

0.15 0.14 0.24

Poison ivy (Toxicodendron radicans)

113.92

333.81

54.30

11.66 12.29 17.23

0.28 0.17 0.26

Roundleaf boneset (Eupatorium rotundifolium)

4.82

31.73

19.59 20.48

0.31 0.27

Spanish needles (Bidens bipinnata)

7.87

27.66

0.01

17.54 19.89

0.24 0.48

Sugarberry (Celtis laevigata)

7.89

3.20

2.75

13.99 15.93 16.40

0.13 0.22 0.19

53

Table A.4 (continued)
Biomass
Species

C

D

9.1

23.55

Trumpet Creeper (Campsis radicans)

87.01

293.18

Winged elm (Ulmus alata)

26.05

88.63

Sumpweed (Iva annua)

*

Crude Protein
G

D

G

C

D

G

13.30 20.01

0.16 0.30

241.07

14.74 14.81 18.35

0.22 0.22 0.32

0.91

10.07 11.79 14.10

0.21 0.18 0.21

14.56 15.41 16.79

0.20 0.22 0.23

Average
45.68
69.59
25.78
Includes cat greenbrier (Smilax glauca) and saw greenbrier (Smilax bona-nox)
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C

Phosphorus

Table A.5

Biomass (kg/ha), crude protein, and phosphorus of moderate-high use deer forages sampled August-September of 2019
used in white-tailed deer nutritional carrying capacity estimates in 9 mid-rotation loblolly pine plantations following
unburned treatments (Control) and fire treatments during March 2018 (Dormant) and June 2018 (Growing) in Monroe
and Oktibbeha counties, Mississippi, USA.
Biomass
Species

Acer (Acer spp.)

Crude Protein

C

D

G

80.36

274.24

157.84

13.00 12.61 13.39

0.10 0.11 0.16

0.48

0.43

12.17

0.14

Alabama supplejack (Berchemia scandens)

C

D

G

Phosphorus
C

D

G

American beautyberry (Callicarpa Americana)

59.92

208.32

22.88

17.05 16.67 16.34

0.15 0.14 0.19

Aster (Symphyotrichum spp.)

5.20

21.13

81.23

11.74 14.13 12.19

0.23 0.30 0.21

0.48

2.43

11.94 12.24

949.28

331.45

12.02 12.85 12.27

0.13 0.12 0.14

3.92

10.92

15.89 14.01

0.14 0.16

Black cherry (Prunus serotina)
Blackberry (Rubus spp.)

514.20

Blackeyed susan (Rudbeckia hirta)

0.12

Brazilian vervain (Verbena brasiliensis)

1.44

11.92

2.44

13.83 11.71 12.80

0.37 0.37 0.41

Butterfly pea (Clitoria ternatea)

2.48

0.48

0.48

16.19 15.15

0.12 0.12

363.11

609.99

1054.1

16.17 15.57 17.27

0.20 0.19 0.20

0.48

0.43

58.33

15.8

0.33 0.27 0.59

0.96

0.48

13.12

4.92

4.35

13.32 10.16

18.92

19.04 18.63

103.01

54.2

12.42 11.51 14.81

0.09 0.10 0.10

0.96

0.44

19.89 20.11

0.40 0.23

Canada goldenrod (Solidago canadensis)
Burnweed (Erechtites hieraciifolius)
Carolina wild petunia (Ruellia caroliniensis)
Cat greenbrier (Smilax spp.)*

5.92

Common boneset (Eupatorium perfoliatum)
Common greenbrier (Smilax rotundifolia)
Common ragweed (Ambrosia artemisiifolia)

39.16
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15.12 17.94

0.09
9.46

0.13 0.13 0.08
0.10 0.40

Table 3.1 (continued)
Biomass
Species

C

Deciduous holly (Ilex verticillata)

D

Crude Protein
G

C

1.45

Deerberry (Vaccinium stamineum)

3.96

2.48

Desmodium (Desmodium spp.)

39.75

12.36

Devil’s walkingstick (Aralia spinose)

1.48

1.48

Diodia (Diodia spp.)

7.87

0.96

Downy sunflower (Helianthus mollis)
Eastern baccharis (Baccharis halimifolia)

50.32

95.76

Elephant’s foot (Elepjantopus spp.)

11.44

5.44

Flowering dogwood (Cornus florida)

1.48

Fragrant goldenrod (Solidago odora)

9.64
9.25
13.96

D

G

Phosphorus
C

D

14.96

0.30

13.88

0.08 0.07

G

15.70 14.21 14.47

0.12 0.13 0.39

15.90 15.53

0.16 0.09

11.12

7.06

9.06

0.22 0.22 0.25

33.96

16.37

0.19

16.36

17.28 17.03 16.66

0.13 0.11 0.17

10.06

0.11 0.09

8.74

13.69

0.17

4.48

14.51

0.13

13.70 13.63

0.13 0.10

Galium (Galium spp.)

4.96

1.44

Green Ash (Fraxinus pennsylvanica)

78.32

130.36

12.91

13.14 12.76 12.12

0.24 0.32 0.27

Honeysuckle (Lonicera japonica)

182.52

104.23

54.93

10.43 10.68 11.35

0.27 0.27 0.28

Horseweed (Eriferon canadensis)

0.48

10.88

13.30

0.18

Late boneset (Eupatorium serotinum)

98.20

16.76

4.87

19.04 22.40 19.43

0.28 0.24 0.40

Ludwigia (Ludwigia spp.)

0.48

6.87

7.40

16.00 17.18 15.62

0.19 0.14 0.23

8.92

1.96

14.10 12.58 14.00

0.18 0.13 0.17

Maryland meadowbeauty (Rhexia mariana)
Morning glory (Ipomeas spp.)

1.44
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0.51

Table 3.1 (continued)
Biomass
Species

Crude Protein

C

D

G

123.72

137.67

201.67

Narrowleaf sunflower (Helianthus angustifolius)

0.48

0.91

Deciduous holly (Ilex verticillata)

1.45

Muscadine (Vitis rotundifolia)

Deerberry (Vaccinium stamineum)

3.96

2.48

Desmodium (Desmodium spp.)

39.75

12.36

Devil’s walkingstick (Aralia spinose)

1.48

1.48

Diodia (Diodia spp.)

7.87

0.96

Downy sunflower (Helianthus mollis)
Eastern baccharis (Baccharis halimifolia)

50.32

95.76

Elephant’s foot (Elepjantopus spp.)

11.44

5.44

Flowering dogwood (Cornus florida)

1.48

Fragrant goldenrod (Solidago odora)

C

13.96

G

C

D

G

12.88 13.84 14.68

0.16 0.13 0.18

11.37 12.61

0.12 0.16

14.96

0.30

13.88

0.08 0.07

9.64
9.25

D

Phosphorus

15.70 14.21 14.47

0.12 0.13 0.39

15.90 15.53

0.16 0.09

11.12

7.06

9.06

0.22 0.22 0.25

33.96

16.37

0.19

16.36

17.28 17.03 16.66

0.13 0.11 0.17

10.06

0.11 0.09

8.74

13.69

0.17

4.48

14.51

0.13

13.70 13.63

0.13 0.10

Galium (Galium spp.)

4.96

1.44

Green Ash (Fraxinus pennsylvanica)

78.32

130.36

12.91

13.14 12.76 12.12

0.24 0.32 0.27

Honeysuckle (Lonicera japonica)

182.52

104.23

54.93

10.43 10.68 11.35

0.27 0.27 0.28

Horseweed (Eriferon canadensis)

0.48

10.88

13.30

0.18

Late boneset (Eupatorium serotinum)

98.20

16.76

4.87

19.04 22.40 19.43

0.28 0.24 0.40

Ludwigia (Ludwigia spp.)

0.48

6.87

7.40

16.00 17.18 15.62

0.19 0.14 0.23
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Table A.5 (continued)
Biomass
Species

C

Maryland meadowbeauty (Rhexia mariana)

D

G

8.92

1.96

Morning glory (Ipomeas spp.)
Muscadine (Vitis rotundifolia)

Crude Protein
C

D

G

14.10 12.58 14.00

Phosphorus
C

D

0.18 0.13 0.17

1.44
123.72

Narrowleaf sunflower (Helianthus angustifolius)
Table 3.1 (continued)

137.67

201.67

0.48

G

0.51
12.88 13.84 14.68

0.16 0.13 0.18

0.91

11.37 12.61

0.12 0.16

Nightshade (Solanum carolinense)

0.96

2.92

1.44

17.72 18.23

0.34 0.25 0.44

Northern dewberry (Rubus flagellaris)

24.28

50.60

57.92

13.72 13.61 13.39

0.14 0.11 0.15

Poison ivy (Toxicodendron radicans)

282.55

440.95

178.69

12.13 12.69 12.49

0.23 0.34 0.24

15.56

0.15
0.16

Partridge pea (Chamaaecrista fasciculata)

1.96

Roundleaf boneset (Eupatorium rotundifolium)

10.96

1.91

14.51 19.43

Spanish needles (Bidens bipinnata)

3.81

6.92

6.83

18.82 17.75 15.86

0.33 0.30 0.40

Sugarberry (Celtis laevigata)

6.91

11.44

7.40

14.34 14.39 16.34

0.17 0.14 0.48

Sumpweed (Iva annua)

6.40

5.96

1.92

18.69 20.08 19.79

0.37 0.39 0.38

Tall ironweed (Vernonia gigantean)

9.96

14.48

15.76 16.84

0.14 0.21

Trailing lespedeza (Lespedeza repens)

9.44

2.91

11.11 12.01

0.11 0.12

185.95

233.92

278.56

12.76 12.47 13.62

0.22 0.19 0.18

2.44

10.92

13.44

15.25 12.25 15.81

0.24 0.18 0.34

Trumpet Creeper (Campsis radicans)
Wild lettuce (Lactuca virosa)
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Table A.5 (continued)
Biomass
Species
Winged elm (Ulmus alata)

C

D

G

C

D

G

74.67

120.60

4.72

9.83

9.10

10.66

Woodland sunflower (Helianthus divaricatus)
Average
*

Crude Protein

13.96
68.64

81.16

66.87

Includes cat greenbrier (Smilax glauca) and saw greenbrier (Smilax bona-nox)
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Phosphorus
C

D

G

0.16 0.19 0.20

11.52

0.11

14.21 14.04 14.64

0.20 0.18 0.26

APPENDIX B
SUPPLEMENTAL TABLE OF FORAGE CHARACTERISTICS FOR STUMP SPROUTS
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Table B.1

Least-square mean estimates of average crude protein of young leaves and growing
tips of 3 tree species (7.62-12.7cm) mechanically cut June 2018 or 2019 sampled
at 1-year and 2-years post treatment in July-September 2019 compared to uncut
mid-story trees in bottomland hardwoods at John W. Starr Wildlife Management
Area, Oktibbeha County, Mississippi, USA. Monthly values were averaged prior
to comparison.
Crude Protein (%)
Control

Year 1

Blackgum

𝑥̅
15.7Aa

SE
0.34

𝑥̅
17.8Ba

SE
0.37

Red Maple

13.4Ab

0.34

17.9Ba

0.37

15.6Cb

0.40

Sweetgum

10.4Ac

0.36

13.2Bb

0.66

13.8Bc

0.46

A
a

Year 2
𝑥̅
17.4Ba

Treatments within row with the same uppercase letter do not differ (P>0.05)
Species within column with the same lowercase letter do not differ (P>0.05)
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SE
0.36

Table B.2

Least-square mean estimates of average phosphorus and sulfur of young leaves and growing tips of 3 tree species (7.6212.7cm) mechanically cut June 2018 or 2019 sampled at 1-year and 2-years post treatment in July-September 2019
compared to uncut mid-story trees in bottomland hardwoods at John W. Starr Wildlife Management Area, Oktibbeha
County, Mississippi, USA. Monthly values were averaged prior to comparison.
Phosphorus* (%)
Control(a)

Sulfur (%)

Year 1(b)

Year 2(b)

Control

Year 1

Year 2

Blackgum

𝑥̅
0.15

SE
0.02

𝑥̅
0.26

SE
0.02

𝑥̅
0.24

SE
0.02

𝑥̅
0.08Aa

SE
0.01

𝑥̅
0.09Aa

SE
0.01

𝑥̅
0.08Aa

SE
0.01

Red Maple

0.16

0.02

0.28

0.02

0.24

0.02

0.06Aa

0.01

0.09Ba

0.01

0.10Ba

0.01

Sweetgum

0.17

0.02

0.30

0.02

0.29

0.02

0.08Aa

0.01

0.12Ba

0.01

0.13Bb

0.01

*

Treatment effect (P<0.001)
Treatments within row with the same uppercase letter do not differ (P>0.05)
a
Species within column with the same lowercase letter do not differ (P>0.05)
A
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Table B.3

Least-square mean estimates of average acid detergent fiber (ADF) and neutral detergent fiber (NDF) of young leaves
and growing tips of 3 tree species (7.62-12.7cm) mechanically cut June 2018 or 2019 sampled at 1-year and 2-years post
treatment in July-September 2019 compared to uncut mid-story trees in bottomland hardwoods at John W. Starr Wildlife
Management Area, Oktibbeha County, Mississippi, USA. Monthly values were averaged prior to comparison.
ADF (%)
Control

NDF (%)

Year 1

Year 2

Control

Year 1

Year 2

Blackgum

𝑥̅
31.6Aa

SE
0.29

𝑥̅
31.3Aa

SE
0.32

𝑥̅
32.6Ba

SE
0.31

𝑥̅
40.3Aa

SE
0.53

𝑥̅
36.8Ba

SE
0.58

𝑥̅
37.3Ba

SE
0.57

Red Maple

37.5Ab

0.28

35.3Bb

0.32

37.2Ab

0.35

43.0Ab

0.52

37.8Ba

0.59

41.7Ab

0.65

Sweetgum

30.5Ac

0.31

30.2Aa

0.63

30.6Ac

0.41

34.3Ac

0.57

38.5Ba

1.20

40.7Bb

0.76

A
a

Treatments within row with the same uppercase letter do not differ (P>0.05)
Species within column with the same lowercase letter do not differ (P>0.05)
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Table B.4

Least-square mean estimates of average biomass and proportion of deer use of
young leaves and growing tips of 3 tree species (7.62-12.7cm) mechanically cut
June 2018 or 2019 sampled at 1-year and 2-years post treatment in July-September
2019 in bottomland hardwoods at John W. Starr Wildlife Management Area,
Oktibbeha County, Mississippi, USA.
Biomass* (g)
Year 1

Deer use
Year 2

Year 1

Year 2

Blackgum

𝑥̅
20.7a

SE
6.08

𝑥̅
26.1a

SE
6.08

𝑥̅
0.28Aa

SE
0.05

𝑥̅
0.39Aa

SE
0.07

Red Maple

27.5a

6.08

29.8a

6.08

0.27Aa

0.05

0.32Aa

0.06

Sweetgum

3.1b

6.08

10.7b

6.08

0.10Ab

0.02

0.35Ba

0.07

*

Species effect (P<0.05)
Treatments within row with the same uppercase letter do not differ (P>0.05)
a
Species within column with the same lowercase letter do not differ (P>0.05)
A
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